Oxidation of 2,4,6-trinitrotoluene (TNT) using simple ozonation and direct hydrogen peroxide was were shown to follow pseudo-second reaction. It can be recommended that simple ozonation seems to be the best at TNT degradation from aqueous solution. However, low TNT concentration could be reduced by performance of the hydrogen peroxide process, in which case, a longer reaction time is also required.
INTRODUCTION
The most widely used explosive is 2,4,6-trinitrotoluene (TNT), also known as trinitrotoluol, trotyl, and tilite (Čė nas et al. ; Ayoub et al. ; Singh ). Several methods are available for TNT production. The most frequently used method for TNT production is nitration of toluene that leads to the production of a benzene ring with nitro groups on positions 2,4,6 and a methyl group. It has been estimated that during the First World War, the Germans produced 2,500 tons of TNT a week. TNT enters the environment through wastewater and solid waste from manufacture of the processing of compounds and destruction of bombs (King ) . Inhalation of TNT in micro-levels can cause liver disease, anemia, and cataracts. TNT has potential impacts on the environment because of the adsorption to soil (Liu et al. ) .
TNT moves from surface water and soil to groundwater.
When TNT enters the human body, it spreads to the liver, breaks down and changes to several substances. Exposure to TNT in high concentrations has many effects, including such blood disorders as anemia and abnormal liver function. The United States Environmental Protection Agency (US EPA) has classified TNT under group C, a possible human carcinogen (Richter-Torres et al. ) . TNT is a known mutagen and can cause pancytopenia as a result of bone marrow failure. Oral LD 50 in rats is near 1 g/kg.day. The US EPA has regulated TNT contamination in soil to 17.2 ppm and in water to 2 ppb (King ) . TNT has been discharged into the aqueous effluents of explosive manufacturing facilities assembling, packing, etc.
Studies have reported TNT concentrations between 20 and of Energy (DoE) have many sites where the groundwater is contaminated with explosive compounds.
In the past, granular activated carbon (GAC) adsorption and incineration processes were used for the treatment of high explosives in water and soil, respectively (Alnaizy & Akgerman ) . Recently, studies have shown that natural organic substances act as an absorbent for TNT degradation (Zhang et al. ) . Also, some studies have reported the degradation of nitroaromatics using nanoparticles such as nZVI (Fu et al. ) . However, advanced oxidation process is a new method employing reactive oxidizing agents such as hydrogen peroxide or ozone which generate highly reactive free radicals (Mokrini et Initial pH solution was measured using a pH meter.
Experimental
Ozonation and hydrogen peroxide alone oxidation were performed on water contaminated with TNT. The experiments were carried out in a glass reactor with a working volume of 300 mL and 5 cm in diameter. Ozone was produced by a OWA-1000 generator ( Figure 1 ).
Chemicals
TNT crystalline form with purity more than 95% was obtained from a local industry producing explosive materials and was used without further purification. All the chemicals were purchased from Merck Company. TNT 
RESULTS AND DISCUSSION
Effect of pH solution on TNT degradation
The effect of pH on TNT degradation was performed over the ranges 3, 5, 7, and 10. Indirect oxidation of contaminants is the key to their oxidation. It is easy for ozone to form hydroxyl free radicals, especially in alkaline aqueous solution. With increasing pH value, TNT degradation rate increased significantly ( Figure 2 ). When the pH value increased from 7 to 10, TNT removal rate increased from 52 to 77% corresponding to TNT effluent concentration of 4.5 mg/L.
The degradation rate for decomposition of TNT was found to increase with an increase in pH from 3 to 10, as shown in 
Effect of reaction time on TNT removal rate
In this stage, TNT degradation rate was studied using numerous reaction times (15, 30, 45, 60 min) (Figures 8 and 9 ). Table 1 shows the kinetic results of this study. Table 1 • H 2 O 2 oxidation alone is not applicable for high TNT concentrations and could only be effective for low TNT concentrations.
Kinetic analysis
• Maximum TNT removal rate (90%) • The kinetic of two processes was studied through fitting data on TNT degradation. The comparison of reaction orders showed that TNT degradation was in accordance with the pseudo-second reaction.
• Simple ozonation seems to be the best method for TNT degradation from aqueous solution.
• Generally, using hydrogen peroxide in combination with ozonation may be efficient and there is no need to use hydrogen peroxide at a high dose.
